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Objectives: Multidrug-resistant (MDR) bacterial in-
fections, especially those caused by Gram-negative phe-
notypes, have emerged as one of the major health
concerns worldwide. In the present study, we investigated
the antibacterial activity of methanol extracts from five
Cameroonian medicinal plants (Alchornea cordifolia,
Eremomastax speciosa, Laportea aestuans, Pennisetum
purpureum and Spathodea campanulata) against 15 Gram-
negative bacteria that included MDR phenotypes.
Methods: The broth microdilution method was used to
determine the minimal inhibitory concentrations (MIC)
and the minimal bactericidal concentrations (MBC) of all
of the samples. Standard phytochemical methods were
used for a preliminary phytochemical screening of the
plant extracts.
Results: Phytochemical analysis showed the presence of
polyphenols, tannins, triterpenes and sterols in all of the
studied extracts. Other chemical classes of secondary
metabolites were selectively identified. The best antibac-
terial activities (MICs ranges of 64e1024 mg/mL) ob-
tained against the 15 tested bacteria were found in
extracts of leaves (93.3%), bark (86.7%) and roots (80%)
of A. cordifolia as well as extracts of L. aestuans (86.7%)
and P. purpureum (66.7%). The lowest MIC value of
64 mg/mL was recorded for the A. cordifolia bark extract
against Pseudomonas aeruginosa PA01.
Conclusions: The findings of this study provide deep in-
sights into the possible use of the studied plants, espe-
cially A. cordifolia and L. aestuans, for the control ofhis is an open access article under the CC BY-NC-ND license
16/j.jtumed.2015.12.001
F.T. Mambe et al.122Gram-negative bacterial infections, especially against
MDR species.
Keywords: Alchornea cordifolia; Gram-negative bacteria;
Laportea aestuans; MDR bacteria; Medicinal plants
 2016 The Authors.
Production and hosting by Elsevier Ltd on behalf of Taibah
University. This is an open access article under the CC BY-
NC-ND license (http://creativecommons.org/licenses/by-nc-
nd/4.0/).Introduction
Multidrug-resistant (MDR) bacterial infections, especially
those caused by Gram-negative microorganisms, have
emerged as a global health concern.1 Efflux pumps that belong
to the resistance-nodulation-cell division (RND) family of
tripartite efflux pumps are largely involved in the multidrug
resistance of Gram-negative bacteria.2 The scarcity of novel
antibacterials to combats bacterial MDR phenotypes drives
the search for novel drugs from natural sources. With
regards to the variety and diversity of secondary
metabolites, medicinal plants constitute a good source of
antibacterials.3 In the past five years, studies have intensified
on the search of phytochemicals from African plants to
tackle MDR bacterial infections. Some of the most active
plants against MDR Gram-negative bacteria include
Beilschmiedia cinnamomea, Fagara xanthoxyloı¨des, Olax
subscorpioı¨dea,4 Solanum nigrum,5 Vernonia amygdalina,6
Peperomia fernandopoiana,7 Capsicum frutescens,8
Allanblackia gabonensis, Combretum molle, Gladiolus
quartinianus,9 and Fagara tessmannii.10 In our continuous
search for antibacterials from African flora, we designed the
present study to investigate the in vitro antibacterial activity
of the methanol extracts of five Cameroonian medicinal
plants, that is, Alchornea cordifolia (Schum. & Thonn.)
Mu¨ll.-Arg. (Euphorbiaceae), Eremomastax speciosa
(Hochst.) Cufod. (Acanthaceae), Laportea aestuans (Linn.)
Chew (Urticaceae), Pennisetum purpureum Schumach.
(Poaceae) and Spathodea campanulata P. Beauv.
(Bignoniaceae), against MDR Gram-negative bacteria.
Materials and Methods
Plant materials and extraction
Different parts of the selected plants were collected from
various regions of Cameroon in January 2014. These
included leaves, bark and roots of A. cordifolia and S.
campanulata and whole plants of E. speciosa, L. aestuans
and P. purpureum. The plants were identified at the
Cameroon National Herbarium (Yaounde, Cameroon)
where voucher specimens were deposited under the refer-
ence numbers shown in Table 1. Each plant sample was air-
dried and powdered. Methanol is known to be powerful
extraction solvent of antibacterial compounds from plants.3
Therefore, the obtained powder (200 g) was extracted with
methanol (MeOH 100%; 1 L) for 48 h at room
temperature. The extract was then concentrated at 68 Cunder reduced pressure to obtain the residues that
constituted the crude extract. All of the extracts were kept
at 4 C until further use.
Ethics statement
No specific permits were required from the local authority
for the collection of the studied plants. The medicinal plants
chosen for this study are not endangered or protected by the
laws of the country.
Preliminary phytochemical screening
The major phytochemical classes, such as alkaloids, tri-
terpenes, flavonoids, anthraquinones, polyphenols, sterols,
coumarins, saponins and tannins, in the plant extracts were
detected according to commonly described phytochemical
methods.11Antimicrobial assays
Chemicals for the antimicrobial assay
Chloramphenicol (CHL; SigmaeAldrich, St Quentin
Fallavier, France) was used as a reference antibiotic (RA). In
addition, p-Iodonitrotetrazolium chloride (INT) was used as
a microbial growth indicator.12,13Microbial strains and culture media
The studied microorganisms included sensitive and resis-
tant strains of Pseudomonas aeruginosa, Klebsiella pneumo-
niae, Enterobacter aerogenes, Escherichia coli and
Providencia stuartii obtained from the American Type Cul-
ture Collection (ATCC) as well as clinical strains. Their
bacterial features were previously reported.8,14,15 Nutrient
agars were used for the activation of the tested Gram-
negative bacteria, and Mueller Hinton Broth was used for
the antibacterial assays.16INT colourimetric assay for MIC and MBC determinations
The MIC determinations on the tested bacteria were
conducted using the rapid p-Iodonitrotetrazolium chloride
(INT) colourimetric assay according to the described
methods12 with certain modifications.17,18 The test samples
and the RA were first dissolved in DMSO/Mueller Hinton
Broth (MHB). The final concentration of DMSO was
lower than 2.5% and did not affect microbial growth.19,20
The solution obtained was then added to Mueller Hinton
Broth and serially diluted two-fold (in a 96-well micro-
plate). One-hundred microlitres (100 mL) of an inoculum of
1.5  106 CFU/mL prepared in an appropriate broth was
then added.17,18 The plates were covered with a sterile plate
sealer and then agitated to mix the contents of the wells
using a plate shaker and incubated at 37 C for 18 h. The
assay was performed in triplicate. Wells that contained
adequate broth, 100 mL of the inoculum and DMSO to a
final concentration of 2.5% served as the negative control.
The MIC of samples was detected after 18 h of incubation
at 37 C and after the addition of 40 mL (0.2 mg/mL) of
INT and were incubated at 37 C for 30 min. Viable
Table 1: Information about the studied plants.
Species (family); Voucher
Numbera
Traditional uses Parts
traditionally
used
Bioactive or potentially
bioactive components
Bioactivity of the crude
extract
Alchornea cordifolia
(Schum. & Thonn.)
Mu¨ll.-Arg.
(Euphorbiaceae); 9657/
SRF/Cam
To treat rheumatic pains,
fever, wounds, diarrhoea,
convulsions, coughs,
gonorrhoea, yaws, ulcer,
rheumatic pains, bronchial
troubles39,40
Leaves, seeds,
bark and roots
Alchornine, alchorneinone,
gentisnic acid and yohimbine39
Crude extract showed
spasmolytic,39
anti-inflammatory,41
antimicrobial,31
anti-diarrhoeal42 and
analgesic43 activities
Eremomastax speciosa
(Hochst.) Cufod.
(Acanthaceae); 24165/
SRF/Cam
Haematopoietic,
antidiarrhoeal, antiulcer,
treatment of female
infertility, dysentery,
anaemia, irregular
menstruation, fracture,
haemorrhoids and urinary
tract infections34,35
Whole plant Not reported Antimicrobial effect of
crude extract: (Q); Ec,
Sa, Ca36
Laportea aestuans (Linn.)
Chew (Urticaceae);
34812/HNC
Antihelmintic, treatment
of headaches, syphilitic
yaws, fever, gonorrhoea,
rheumatism, menopausal
disorder, antidote, asthma,
hypertension, stomach-
ache, diarrhoea, wounds44
Leaves, roots Vanilic acid, gallic acid, ferulic
acid, (6)-gingerol, capsaicin,
rosemamic acid, tannic acid,
p-coumaric acid, caffeic acid,
scopoletin, catechin,
resveratrol, genistein,
apigenin, kaempherol,
epicatechin, epigallocathechin,
ellagic acid, myricitin acid,
quercetin- 3, 7, 4-trimethyl
ether, quercetine3,7,30,4’-
trimethyl ether, artemetin,
kaempferolearabinoside,
quercitrin, isoquercitrin,
naringin, rutin, hesperidin,
limonene, alpha pinene, beta
pinene, cis-ocimene, myrcene,
citronellol, neryl acetate,
malvidine, lycopene, carotene,
lutein, hispogenin, diosgenin,
neochlorogenin,
hecogenin45,46
Antimicrobial effect of
crude extract (Q);
K, Ec, Sa, Bs, St, Pa,
Ca33,45
Pennisetum purpureum
Schumach. (Poaceae);
12525/SRF/Cam
Diuretic, antivenomous,
Treatment of measles,
wound healing37
Whole plant Not reported Antimicrobial effect of
EO: (Q); Ec, Pa37
Spathodea campanulata P.
Beauv. (Bignoniaceae)
22791/SRF/Cam
Treatment of mental
disorders, malaria,
haemorrhoids, bacterial
infections, HIV, poor
blood circulation, gastro-
intestinal diseases, urinary
tract disorders47
Flowers, leaves,
bark
Carbohydrates, alkaloids,
tannins, iridoid glucoside,
phydroxy-benzoic acid,
methyl p-hydroxy-
benzoate47,48
Antimicrobial effect of
crude extract (Q):
Pv, Ec, Kp38
a (HNC): Cameroon National Herbarium; (SRF/Cam): Socie´te´ des Re´serves Forestie`res du Cameroun; (Q): qualitative activity based on
the inhibition zone. EO: Essential oil; Sa: Staphylococcus aureus; Ec: Escherichia coli; Bs: Bacillus subtilis; Kp: Klebsiella pneumoniae; St:
Salmonella typhi; Pa: Pseudomonas aeruginosa; Se: Salmonella enterica; Pv: Proteus vulgaris; Ca: Candida albicans; Underline: Tested
sample from the plant.
Antibacterial activities of plants against multidrug-resistant Gram-negative bacteria 123bacteria reduced the yellow dye to pink. The MIC was
defined as the sample concentration that prevented the
colour change of the medium and exhibited a complete
inhibition of the microbial growth.12 The MBC was
determined by adding 50 mL aliquots of the preparations
that did not show any growth after the incubation during
the MIC assays in 150 mL of adequate broth. These
preparations were incubated at 37 C for 48 h. The MBC
was regarded as the lowest extract concentration that didnot produce a colour change after the addition of INT, as
mentioned above.17,18Results
In the present study, the qualitative phytochemical
composition and antibacterial activity of extracts from five
Cameroonian medicinal plants were determined. The results
F.T. Mambe et al.124of the phytochemical composition of the tested plants are
summarized in Table 2. It appears that all of the extracts
contained polyphenols, tannins, triterpenes and sterols.
Apart from the leaf extracts of L. aestuans and S.
campanulata, all of the other samples also contained
alkaloids, whilst anthraquinone was not detected; saponins,
flavonoids and coumarins were selectively distributed. The
antibacterial results depicted in Table 3 showed that all of
the tested extracts displayed selective activities. The best
activity with MIC values that ranged from 64 to 1024 mg/
mL were obtained with leaf [14/15 (93.3% of the tested
bacteria)], bark [13/15 (86.7%)] and root [12/15 (80%)]
extracts of A. cordifolia, as well as with L. aestuans [13/15
(86.7%)] and P. purpureum [10/15 (66.7%)] extracts. The
lowest antibacterial spectra were obtained with leaf and
bark extracts of S. campanulata and E. speciosa [6/15 (40%
of the tested bacteria)] and the root extract of S.
campanulata [3/15 (20%)]. The lowest MIC value (64 mg/
mL) was recorded with the A. cordifolia bark extract on P.
aeruginosa PA01. However, none of the extracts were as
active as the established antibacterial compound, that is,
chloramphenicol. In general, the tested extracts exerted
bacteriostatic effects with a MBC/MIC ratio above 4.Discussion
Medicinal plants constitute an important source of
bioactive compounds because of the chemical diversity found
in several species. In recent years, certain plants have been
successfully evaluated for their antibacterial activity world-
wide. The rationale of this study is based on the fact that
various parts of the abovementioned medicinal plants are
traditionally used to treat bacterial infections in addition to
other ailments, as depicted in Table 1. The parts that are
traditionally used in the treatment of bacterial infections
include leaves, seeds, bark and roots of A. cordifolia; the
whole plant of E. speciosa and P. purpureum; the leaves
and roots of L. aestuans; as well as the flowers, leaves and
bark of S. campanulata. Differences in the antibacterial
activities were detected among the extracts. Several
molecules that belong to the classes of secondaryTable 2: Phytochemical composition of the plant extracts.
Classes Studied plants (% yield)* and composition
Alchornea cordifolia Eremomastax
speciosa
L
(7.84%)
B
(11.32%)
R
(6.23%)
W
(14.69%)
Alkaloids þ þ þ þ
Polyphenols þ þ þ þ
Flavonoids þ þ þ þ
Anthraquinones    
Coumarins    
Tannins þ þ þ þ
Triterpenes þ þ þ þ
Sterols þ þ þ þ
Saponins þ þ þ þ
(): Absent; (þ): Present; * yield calculated as the ratio of the mass of t
extracts were obtained from L: Leaves; B: bark; R: roots; W: whole plmetabolites detected in this study were found to be active
against pathogenic microorganisms.3,21 The presence of
such metabolites in the studied plant extracts can provide a
preliminary explanation on their antibacterial activities.
The differences in the antibacterial activities of the extracts
could be due to the different chemical composition and the
distinct mechanisms of action of their bioactive
constituents.3 According to Kuete et al.,21,22 the
antibacterial activity of a plant extract is considered to be
significant when the MIC values are below 100 mg/mL,
moderate when 100  MIC  625 mg/mL and weak when
MIC> 625 mg/mL. Consequently, the activity (MIC of
64 mg/mL) observed with A. cordifolia bark extract against
P. aeruginosa PA01 can be considered to be significant.
Moderate antibacterial activities (100  MIC  625 mg/
mL) were obtained with the majority of the extracts
(Table 2). However, the obtained MIC values are
significant when considering the medicinal importance of
the tested MDR bacteria.23e29 Both K. pneumoniae KP55
and KP63 were reported to be resistant to most of the
commonly used antibiotics and showed high resistance to
ampicillin, ceftazidime and aztreonam, with MIC values of
up to 512 mg/mL.24 In the present study, lower MIC values
were obtained with the A. cordifolia bark extract (128 mg/
mL) and L. aestuans extract (256 mg/mL) against
K. pneumoniae KP63. In addition, MIC values of 512 mg/
mL were also obtained with these extracts against
K. pneumoniae KP63. Such activities recorded with crude
extracts against MDR bacteria could be considered
interesting. P. aeruginosa is an important nosocomial
pathogen that is highly resistant to commonly used
antibiotics and causes a wide spectrum of infections that
might lead to substantial morbidity and mortality.30
Interestingly, the bark extract of A. cordifolia had a MIC
value of 64 mg/mL against P. aeruginosa PA01; this
outcome clearly highlights the ability of this extract to fight
MDR bacterial species. Other MDR bacteria of the
Enterobacteriaceae family tested in this study, such as
E. aerogenes, E. coli and P. stuartii, have also been
classified as antimicrobial-resistant organisms of medical
concern.28 Interestingly, it was observed that all of those
MDR strains were susceptible to the studied extracts,Laportea
aestuans
Pennisetum
purpureum
Spathodea campanulata
W
(8.82%)
W
(9.05%)
L
(16.13%)
B
(15.27%)
R
(11.41%)
 þ þ þ 
þ þ þ þ þ
þ þ   
    
þ    
þ þ þ þ þ
þ þ þ þ þ
þ þ þ þ þ
þ þ þ  
he obtained methanol extract/mass of the plant powder. The tested
ant.
Table 3: MICs and MBCs in mg/mL of methanol extracts from the studied plants and chloramphenicol.
Bacterial strains Tested samples MIC and MBC (in bracket) values (mg/mL)
Alchornea cordifolia Eremomastax
speciosa
Laportea
aestuans
Pennisetum
purpureum
Spathodea campanulata CHL
L B R W W W L B R
Escherichia coli
ATCC8739 512 () 256 () 1024 () 1024 () 1024 () 512 () 512 () e e 2 (64)
ATCC10536 512 () 256 () 1024 () 1024 () 1024 () 1024 () e e e 2 (32)
AG100ATet 1024 () 1024 () 1024 () e 256 () 1024 () e 512 () e 32 (256)
AG102 512 () 1024 () 1024 () e 512 () 512 () 512 () 512 () e 32 (256)
Enterobacter aerogenes
ATCC13048 512 () 1024 () 1024 () 1024 () 512 () 512 () e 1024 () e 16 (128)
CM64 256 () 512 () 512 () e 512 () 512 () 512 () 1024 () e 256 ()
EA 27 512 () e 1024 () e 512 () e e e e 32 (256)
EA 289 128 () 512 () 128 () 1024 () 256 () 128 (512) 1024 () 1024 () 512 () 32 (256)
Klebsiella pneumoniae
ATCC11296 512 () 128 () 1024 () e e 512 () 1024 () 1024 () 1024 () 32 (256)
KP55 1024 () 512 () 1024 () e 512 () e e e e 64 (256)
KP63 512 () 128 () e e 256 () 512 () 32 (256)
Providencia stuartii
ATCC29916 512 () 512 () 512 () 1024 () 256 () e e e e 64 (256)
NEA 16 512 () 256 () 512 () e 512 () e 512 () e 1024 () 64 (256)
Pseudomonas aeruginosa
PA01 512 () 64 () e 1024 () 1024 () 512 () e e e 64 ()
PA124 e e e e e e e e e 256 ()
e: > 1024 (MIC) or not determined: The tested extracts were obtained from L: Leaves; B: bark; R: roots; W: whole plant; CHL:
chloramphenicol.
Antibacterial activities of plants against multidrug-resistant Gram-negative bacteria 125especially those from A. cordifolia and L. aestuans.
Therefore, the overall antibacterial activity of A. cordifolia
and L. aestuans could be considered to be significant.
Likewise, it has been demonstrated that the 50% aqueous-
ethanol extract of the leaves of A. cordifolia exhibits anti-
bacterial activities against a panel of bacterial and fungal
strains.31 The reported MIC values varied from 10 to 20 mg/
mL against various strains and isolates of Gram-negative
bacteria, such as E. coli, P. aeruginosa, Enterobacter clacae,
Citrobacter freundii, K. pneumoniae, Shigella flexneri, Sal-
monella paratyphi A and Acinetobacter baumanii.31 However,
the extract was more active against Gram-positive bacteria
and had MIC values below 2.5 mg/mL against different
strains of Staphylococcus aureus, Staphylococcus epidermis,
Bacillus subtilis as well as against anaerobic bacteria, such as
Peptostreptococcus spp. and Staphylococcus assachar-
olyticus.31 This result is in accordance with the present study
because we also found that this plant showed activity against
MDR bacterial strains. Nonetheless, it should be observed
that better activities were obtained in the present work
against Gram-negative bacteria, which suggests that meth-
anol could be a better extraction solvent for antibacterial
compounds of A. cordifolia than a 50% watereethanol
mixture. This hypothesis is consolidated by the fact that a
water extract and ethanol extract of A. cordifolia separately
showed low or no antibacterial activity against Gram-
negative bacteria. Indeed, the reported MIC values of the
ethanol extracts were above 11.88 mg/mL against Heli-
cobacter pylori, Salmonella typhi, Salmonella enteritidis, S.
flexneri and E. coli, whilst the water extract displayed MIC
values above 18.75 mg/mL, with no activity at up to 300 mg/
mL against S. enteritidis and E. coli.32 Although, the resultsobtained in the present study with A. cordifolia and L.
aestuans are mostly moderate, they are similar to
previously obtained data with several other Cameroonian
plants, such as O. subscorpioı¨dea,4 S. nigrum,5 V.
amygdalina,6 P. fernandopoiana,7 C. frutescens,8 A.
gabonensis, C. molle, G. quartinianus,9 and F. tessmannii.10
Using an agar diffusion assay, Oloyede and Ayanbadejo
have observed that the methanol extract of L. aestuans had a
moderate antimicrobial activity at 200 mg/mL against a
panel of Gram-negative and Gram-positive bacteria as well
as fungi, with inhibition zone diameters that varied from
10 mm to 20 mm. In contrast, the values for gentamicin at
10 mg/mL or 70%tioconaozole (used as positive controls)
varied from 24 to 28 mm.33 Our data are in accordance with
that study because we also observed that the methanol
extract of this plant had a moderate activity on the
majority of tested Gram-negative bacteria, with MIC
values that generally ranged from 256 to 1024 mg/mL
(Table 3). Traditionally, E. speciosa has been used to heal
health conditions related to bacterial infections, such
diarrhoea, ulcers, dysentery and urinary tract
infections.34,35 However, the antibacterial activity observed
in the present study was rather low (MIC values of
1024 mg/mL) or null. This outcome may be due to the fact
most of the studied bacteria are MDR phenotypes or to
the poor antibacterial potential of this plant. Indeed, the
low antibacterial activity of the 95% ethanol extract was
also reported by Okokon et al. against E. coli and
S. aureus.36 Similarly, P. purpureum and S. campanulata
used in folk medicine to manage microbial infections also
displayed a null or moderate antibacterial activity against
the studied bacteria. The reported data are in conformity
F.T. Mambe et al.126with previously documented data because Njoku et al. have
demonstrated that P. purpureum had a low antibacterial
activity against E. coli and P. aeruginosa,37 whereas Rajesh
et al. have reported the low inhibitory effects of
S. campanulata against Proteus vulgaris, E. coli and
K. pneumoniae.38
Conclusion
The results of the present investigation suggest that the
extracts of the studied plants, in particular those from A.
cordifolia and L. aestuans, can be used as potential leads to
discover new antibacterials to control certain bacterial in-
fections, especially those that involveMDR bacterial species.
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